t 

DIALOG(R)Fi le 345: 1 npadoc/Fan. & Legal Stat 
(c) 2003 EPO. All rts. reserv. 

19333055 

Basic Patent (No^Kind.Date) : JP 2003257950 A2 20030912 <No. of Patents 

001> 
(English) 

IPC: *H01L-021/3065; H01L-021/28; H01L-O21/3213 

Language of Document: Japanese 

Patent Family: 

Patent No Kind Date Applic No Kind Date 

JP 2003257950 A2 20030912 JP 200261328 A 20020307 (BASIC) 

Priority Data (No, Kind, Date) : 
JP 200261328 A 20020307 



ABSTRACT 



PROBLEM TO BE SOLVED: To prevent deposition during an etching of etching 
material to attach to the mask, and Improve the formation of the etching 
material. 

SOLUTION: In case of etching a material, which Is difficult to etch, 
and a mask on the material f omned on a substrate using plasma, a sldewall 
angle of the mask to the substrate Is set to be less than 90' . As a 
result of the sldewall angle of the mask, a sldewall angle of the material 
to the substrate becomes less than the sldewall angle of the mask to 
the substrate. 
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[89*^2] iS*3ailEtt<Ox.y?-y^':fr3£K:iJV» 

^tneKJiPe, Co, »i, NU Pt, Ru, Ru02. Ta, Ir, IiO 

2. Os. Pd. Au, Ta205, PZT, BST. SBT. A12a3, Hf02, 
Zr02. GaAs. ITOt^W^-TitJ&^TfcSCki&^FafrSX 

^fflV^TX-yf->'j?':fi^fc*3 V^T , 

^ ((9) *«9 0JK*P<^"?^^'*ffl»'"'"^x.yf-:^^L, 
Ox-y^v-^^-hlEKcoiJiESSiOaHfci^* 

(^) jaJii:-r&X7'>y7'Srffli.4ii:2r«pfSi:'rix 

tlS*«4 3 ^^t::?^^ix^!lX'yf->'^^<Oie 

^fflv^-Cx-y^>'j/:6^fc*iV^T , 

-ftK* 9 0«5Mftfc:^r& i a Stvx^ X-f- 

Sr^ji?.^ *fflV>TX<y f->'^^'r&x-r 'y ^^x. h Z. 
i:*!|*ai:-f4X'yf->'^'^S*. 
[IS*« 5 1 ii*«4 ffia««X y ^ >'^rft«ox -/ f- 

[if:»«6] if*«5ie®fO®x«/^y^«tiDa:.yf- 
llE'7>^^S-X yf-:^^'^'6XT- yr{±. ^VXiJ'OX 

[ii:S«7] ig*«6ie«olix.yf->'^^«<ox-yf- 

;^^yy^♦-{c3^A'rSJyx^offlm, X'yf-y^^JE:*<OiJ'- 
=&•< i: t-:^T'* & i: ^^akt-^x -y f->':?^:^r^. 

insiVk 8 1 fli*^ 5 leacoisx ^ ^-^^tttj^x y ^ 

Jjev^:J'i£-x yf-y^^-r-5.X-5=--yr{i. ±iS)K<OJi:§ 
i:±ia'7;:?.^c?3X>yf-i^j/^fa<OiJ'-^< i: t— ^rS-f^ 
S i i: •t'_hie-7;^^'<^-r— >'^*-^.KS•iS&^-6XT• -/ 



[iti:^9 3 IS*«5^<?5ltx^f-i^^^«<oxyf- 

±iev;^:?*x«y^y^^-r&X7^-yTti, iavx^'co 
±K?gj£Ufc7 * h l^i^x hJK<0-9-'f Xt JJEvx^O 

^' <^x->'^•-:ft^^^SiS•t S X-f -y 7***^* i t 
SrltSii-t «»x -/ f-y 

[ii^ 1 0 ] ii*^ 5Etttf!)ltXTff-:/^«cOx V 

jja-7X^'Srx-/f-:^:5^-r-?>xf->y7'Ji, iavx^'co 
x-y^>'^^<o^«t'-CiJtSl^S:4T=6:v^, -ttfOfii, Sl/fJJav 
7.^<n:si-f f-i^^^Srfr'S: d X-^ -y rSr^T^* i i: 
i:-rsx«/f-:^^^:fr«. 

1 1 0IEtt<OJix«/f->'^<7>x 

•yf->'^'*fttc*JV^-C. 

±E'7^^';&i>y^>'^^-r«»XT"y:rJi. Jiavxi^co 

JiEvx^'C5x-/^>'^^co^S<0^< i: t>— 
-r S i i: "C J:K'e;x ^' Ot^— ftJK2:i»"f 4 x-r ^y 
TSr^rr^. :i i: 5:^i:-r-6X»/^:^^r*r«. 
[W*JS12 3 li««4IE»<0X<y^>'^^S^l=iiV» 
T. 

MeJKJiFe. Co, Mn, Ni , 

Pt, Ru, Hu02, Ta, Ir, lr02, Os, W, Au, Ti, TlOx, 
SrRu03, (U, Sr)Co03, 

Cu(Ba, Sr)Ti03, SRD : SrTiOS, BTO : BaTi03« SrTa20 
6, SrZra207, 

ZnO, A12D3, Zr02, Hf02, Ta205 

Pb(Zr, Ti)©, Pb(Zr, Ti)Nb208. (Pb, U){Zr, Ti)0 

3, 

PbTiNbOx, SrBi2Ta2D9, SrBl2(Ta, Nb)2D9, 
Bi«ri3012, BiSiG^, Bi4-,LaiTi30i2 
InTiO 

cov^-m*»T*2»c; k S-iHFtSti:-r^x-/^>'^^*S. 
[Hl*« 1 3 3 S«Lhtcm«*Lfcit-*< i: 1 1 Ji<^ 
|ix.yf-:^^^«i:-e<0±KmLfc'^X^'l6fflV%T. ^ 

ifi-^x^ *fflv>-c±iaix -/ f-:^^^tr<!Dx -y ^vif^ 
^tt\K Six.y^^'^^oj^+Ti^Srlf^v^, -e^^, 
±iev><.^' ^fflV»-Cl?T/-hiS!Sx .y^^^^l^OXv -^y 

1 4 3 1 3iStt<0¥Sltt«3i**fcJ: 

S«k , K««lo±lwmiS*iJtJJ«5r< k 1 1 JiOJlx 
•y f':^^^** k ^<pli. ^ ^x -y f - >^^*f colfflScox— -'^ 

1 5 ] fl^iS 1 3§saoit^#c!&i:^(c J: 
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^!|*i*Miex<yf-i^jJ^S<OfiS^f!hiP$-«i-ei»t, -fix 

t 1 8 ] 1 6 iesS8<0x .y f-v^^z^^fcfe 

3&*9 0K*g|O'7;?.27S:fflv^TX y-^>-:/-fSX-r-y7' 

S i k S:!Rf€ak-rsx -/-f-i^^Jfe. 
[iiWSJS 1 9 ] n'xyNSiBJaSak . SE'^?x^Nj»i*ilS 
{cSei-r-&1^<^*!MS*5J:tJf^^<oa«!!BISk. ^ 

tOU-y^'f-vW^— k, itO-y^'-f-V>'>'W:B«8fU^ 

•y b k tc«grBri6^:^i«»JiSISt:ffl v^T . X -y 
X-yf->'^^*1S. 

ics^t-4«a<^fasi^k , ^©soo .y f-^r y^<— 

k . .y ^'^N-tBISf t3t:fc^JSi5S^Sk i-fil 
S^:*:^«iBM3IS<iWie«a<^n»/^^^>'A-kK 
:^^5y»2^E(=B«« L)^>:1*SliaMk '>xyN;<^-b y b k 1= 

lifie^iscoidyisc')^ ^'TiTj&^-o'cx -y f-i'^ l > § ^> 
«ak -rsx -y f- >'^'^. 

tfi^Jl2 1 1 SteLtCJg^^iXJtPt. Ru. I r. PZ 
7, SBT, Co, Mn, FeW^-rix*>*»^>J^BK?iT-feMk -5-<0 



B[^<0^\— HVX ^' V ^TX v X-f - -y 7* 
trfilx. «. c: k S:#ak -r Sx -/ y 

[00011 

cuBHcos-rsese^iFi *5iiBtt. pt. ru. ir, pz 

T . atazmeom^ -y ^tt<ox v ^:xjr*r^, Jlx «/ -f-W 
Six>yf-*fOffl!lfiSr«ittiiSv%J^-CX"/f->'^^ 
[00021 

TX-y^^-^-rS^^At^lfetVCV^*. 

[00031 -r— -''^-J^fOVX^'^fflV^TX 
•r^^^ratiU S P 5 8 1 8 1 0 7 (JP-A-10-2 

14826) &i;fJP-A-10-2 2 38 5 5tcS5^ 
Sn-CV^S. Ai-^7*M^5^;^b*fflv%Tat'y^ 

y^-rS:?5rS<J:USP6 0 5 708 1 (JP-A-10 
-9816 2) t:re5^$^lTV>&. 
[0 0 041 L*»L. Xyf->'^<LiiVv»S (BTF. » 
l=Six-/^«k«rr) 'C&«.^lfett*m<ox«/^:^^^ 
3 0 0*Ciyjbt?)lSffl-C1f*>*L. yzthl^i^J^f^him 

[00051 

[5&BH*ifi?^Li 3 k-r saiffil kc:^>"C. ¥mi*m^ 

(^jmSHt. Wti^^j&itlZf^^'*. MOS(metal-oxide-s 
emiconductor)h9>'v';^^'<ir)^^-b*e»R. y— h« 

•r-^j^. Sife, lMb^:^^'n<^. bst, sbt, pz 
T=ark'«o«^2rfflv^Sik3&%it$ti.-CV>S. « 
^^rfUfflL-fc^-fJ (MRAM ; Bagneticrandon acces 
s nemory) 'Srk-rtift. x.yir;K -7>';ir>' 

[00061 ^5:*$, «XT,^*rk L-xim^a. &T<0 

attfr : (mt : mSSrr^^^. mm) Fe, Co, H 

«:&S^k-: (fflji:#S«ffi^) 

Pt, Ru, RuQ2. Ta. Ir, Ir02, Os, Pd, Au, Ti, TiOx, 

SrRu03. (U. Sr)Co03, 

Cu^ 

m) 

BST : (Ba, Sr)TiQ3. SRD : SrTi03, BTO : BaTiOB. SrTa2 
06. Sr2Ta2CI7. ZnO, A1203. Zr02. Hf02. Ta2D5 m 
^smMi : ( ffl^ •• VAPm^^rJ^i^^m ) 
PZT : Pb(Zr. Ti)tB. PZTN : Pb(Zr. Ti)Nb208. PLZT : (P 
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b. U)(Zr, Ti)03. 

PTN : PbTiNbOx, SBT : STei2Ta209, SBTN : SrBi2(Ta. N 
b)209. 

BTO : Bi4Ti3012, BiSlQ,. BLOT : Bi4.,La,Ti30i2 ^ 
fl:^^* : GaAs^ 

[0 0 07] ztL ii><7m^ -/ t;ws , U 3 

[0008] ±iEV^-m<04^»0Ci?tjSJ:'vf-«iR<Offl 
100 09] i^K. Ti/^fi'h. -^-yiiy. --/*r 

a^. ^y^)w r;^$-^, s^'^l:^^7 

[0010] ±Se<OliX<y^*ftfOj: 0 tCX-y-^V^^ttC 

axy^v^<«<^t::PJ^St-€-C:tcW^L-^ 

«>n», ii«w(cx,ff->'^^ijmfA<ftT-r*^ttT'fc& 

|IBRK<±aiS^!|?!|{4ttx>y^y^<«<OS>i^t9>S^aL 
{HMWxd^?*) (deposition nateriaDtOiillSkJ&^N 

^izm^L. ax y^y^^wcofisefctev^Tiisajtca 

y^^tctiv*^, ftx-yf-y^/ttofflSM^^a^^Bt-^tL 

[0011] Jiffi^X-y^^'^ri^t^MffiTSIgtcail 

^rx-/f->'^O^**^^iT-=fr<'^SI*Sr0B 1 A*»^> 2 G 
[00 1 2] ®1 A. @2A<4X"/^>'^^<0*!Wi«SIi'C 
gjliX'yf-V^^:^!*!?:^^^, ZZT. 1 0<??MM 

( r 9 X-T-tC? $tli.»[X -/ ^V:?'** 2 0 <0±M 2 
1 ) J4Ae/fttX-yf-i'^$n. VA^ 1 Oat^lftX y 

f-:^^^*t2 ocrmMizi±v'im2 st/^Adrsmmth 

(SIB, 2B) . tH^T. ^Azii'ryi^co^m^ 



[00 131 "exi?iaiMiST«0ffl»3 2t:*JV^'r 

v;^:?<0lI!lM^<0rdflRj2 5 (Oimifiith^ r>3tlB® 
^vx^'<0ll!SOTd«B8C0TI»<0JSaa3 3 (r? 

■rsx^f-v^«<?jt-r&, L3&»L. mv>^^'o«M<o 

•Td^%l2 5<Offl!MTa5lc*JV^-C«tx»/f->'^^*t2 0<7)S 
aj«R3&«x-/f->'^^$ixT*f5t^rttxy^>'^«2 0<Offl! 

■rs. U-yX. xyf-Virti#w>T*WI!Efff & (HI 
C, 2C) , 

[0014] 5Ji:v»tr, ai c, 2 c<ottSB*»^>Mfc*{t 

5(r>tmii^mm-i>t^iz^ •r^m2 5(omm.Tmzis 

ft6«X«yf->'^^2 0O8SaiafK:l3V%Tt>X-/f->'^^ 
im^i> (HID, IE, 2D— 2F) . idLT, 

)r<^, ^T:*rtcx.y^:^^t4jifTt, Hi f, 2Gt= 

OS) ^»lfi-r«.c:kk^:5. 

[0015] 2|=l6BjOBWJ±, Jiafi6*SEti5«oraja^S: 

JffiH L d SKx -/^♦rox^^:^^r«r&Rt^-eit*fflv^ 

7t^f*«8ii*^2lt/^S5:!S»-r 4 i k "Cifc S . 
[0016] *%BaoS'J<^e«{i:, ^««^«rk*<0« 
«&fttfOS*t=^;l&5ti>?>fc, 1^rtJc<0'>x/\fc*tfC^ 
^53:5!ya, *>SVM4»x.y^i^^<«07"w-?-:ftftSr« 

IrS^&ik-CftS. 
[00 17] 

}^«L3tffiS:r5X'7S:fflV%-CXn'^:^^^-rSBRfc, t" 

[ 0 0 1 8 ] ai-fe, :*:|feBBco-HK:J:*v«, mLHzf& 
jit$ii/v:ISx<y^y:/«<0!Hk-t<OJifc:jgjftL^vx^ 

i&fflv^T, i?ieK*7°9Xv^fflv%Tx-/f-:^^^-ts:tr 

*»9 OjK*SIO-7;^^ ^ffll^TX'y^>'^^-rSXT^-/T 
[ 0 0 1 9 ] *^Jl3i:tt{f , fflM*<fili?5:lHI 

[00 20] 

HB3iSr#B5 LTPilBllcitBH-r «. . 

[0021] m3it^^Mt:mm tstr^x-^xy-f-y 
^st^^^j^^ni&^t^'cj^ & • ^^stmsa i o i 

0 2 (autonatic Batching unit) tit 
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tX 3 ^ 0 3 tCiiJS&18iet:tt*& t . KS^S 1 
04rtfc:r9XVl 0 5«r?6*$-«^&. M^fSmioA 
li. |feMtWiH*-^.'S:SiSc®«a51 04atigil!»$iTJt5!!a 
m04b*»^'5:*. icogffi^l0 4tc«, xrx« 

tL. St:ir:^{i«f«36a 1 o 7 1: i •JSfStsns . 
[ 0 0 2 2 3 S5« 1 0 8{45S?f6 1 0 9 <0±(:«a$n 

-rsysAt:. liMef^l O9tcl4JB~<!0Siffl»«aR'C3bS 

;>'?-iT;^tiiSl 1 0**^W'''?^7-f;l'^'— 1 1 lt:-itl' 
Xmi^^tLX:\-*h . iSW^ 1 0 9<0^ffiU4-b7 S -/^' 

0 9«, eSSmaSl l l B^^d-^n-x^ ^ l l 4 Sr 

:frLTfi8^3nT*S0, iSfil 0 82r^#l 0 9fc» 

[0023] ^i^K:. S^l OSOigiS^il^tTjllM 
^Sfl«-r«.fci^>t=. im^l 0 9tCttb-^'-l 1 5*S 
it^J^M^l 1 6*^tt^.ix-CV^S, 
[0 0 241 3|s«fi*fflV%T. tt. "^yXf 

"^^s ;«f>J'>^flt* 

W*r*fHiJ2ilT<7)ai *) Tfc S . :fj{4 o . 5 P 

2 0 0 X:eLh 5 0 0 -cmT-CfeS . ilitiim^^ x y 

x'J 3 i^lR^x y f->'^f 6*^0*ffi«*ria]K** OX: 

1 0 ox:-ci3i><oi^y^^xwm i o a<ois,mt. is 

[00-2-5 3 18IX -y f-*f<?>x-y f-y^^fc:t5*t&±ie<^» 
aW=«tT«Et:iav>«ffit L»Sx.yf-y^«iS«: 

[00263 i ^ *=7'dflBl«*fea*«lJE'#-&*"*i: 

Eft^;yxtf5gSaUi, a*Lvvr.yf-i^tt«r#403t» 
fc:aS*rffifflfcB8'?»<T'S=^**^<^ ff*^ ^ 

[00273 iJJt^. 7^->''?-A-e ("^X:? 1 OCDflSlfitfO 
x^yf-y^^tfeof— (ax-yf-y^^WtOfflOStO 



tlhm^i. 04A-5DS:#MLTi)iWtS, ^tS, 

T, iaiA~2G'CgtBBUfcJ:a(lxH<«l2 5*<v;:<.^' 
lo<offl!StcMfftc«fW-&. H4Att'7:;?.^'<o 
xW'«-:ftSeSr9 OKi: L)t*&<?5Xvf-v^0WO« 

[0 0 283 i-r. rci-fe><.^3ir«»asi:. S5<Bfoi£ 

n (r9XvicS(i>$n«.«xvf-:^^»^<o^2 1 ) 

<ox-yf-y^w-h*<yi^«.. «?g&±=Srx.yf-:^^^jy 
xtLXoi'y^yy'tnKcot. SCPko^-fecottx-z-f- 

(RJE^«) rttcfRl^mt" . x.yf->-:?^a 

CDiil«atJfax-yf->'^'«<Offl!lM) tc-rJt«l?!li:LT«ffll 
i-S (04 B) . zcDy'nmimjjWibiS. 

— b (deposition rate) bWi-t) r d tf^ . — 

y:?^it^iiST'0'f ^>'<?5Ait^rrei*«'e<ofitaT-«ox ^ 

^>'^<^-ht::^§<»»^&. J*t«efcxvf-^-hi± 

-f3j->'«7^-y^'^T^*2)i:t«:«^, 'f 
ftietcAI*-rSS«*USffi<oa:-/^U- h S: r e b^h 

>(yty(7>^Mn&ifia<7>b^<0^'y^l'—hii.re 
X s i n a -Cfci. . CI if, r e l4-?'Jl«ft|3a<ttr8tL'5rV> 

[00293 -r^ri^-^. 'rx^'cofflIS:<^«a®fc:itL 

rd-CSyO. imi£®2 l<0^»{t<!OX-y^W hJ±r 
e-rd-CJbS 04 D^) . i<?5i:S. ttX-/-f-« 

t an^= ( r e-r d) /rd 

-n?*v6-. - -- - ----- ^-^-^ — 

[0 0 30]—*, 04 B. SBiZ^prf-X^iZ^ 

<omm.tmmmm(,zmm?ii::J)fiii>''^iynn^zm^^x\^h 

(vj^^'co-r— ^IS^3&*9 0S*SI) 

b {4^:frfitrC*l)*»fe r dT* 0 , 
VX^C^DBISWCyf-l^— h«r e X c o s exhh . 
fi!oT, r d-r ex c o s^**'7;?.^'<0t— ft* 
ifi0X'f>&^'^<OSm.'^y'^U— hXhi, ^-oX . 

tan^= (re — rd)/( (rd-rexcos 

0) X s i ntf) 

X'S>^. 

[0031] iOJ: a lcv;?,^OWMtCx^!B!icOJt8[i« 
x-yf->'^^coax«y^«cOf— ''^*-^^lJe* 
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[0 0 3 21 •7X^'<:o-r-/"?-:ftS€'*9 OjSiO'bS 
<Lt:v»-5yi%&'C', •^-''^•-:ftK<9S:05BJ:OISfc: 

< UT«9>< i: . 05C(c5rf«fc:, -r— 
tttx-yf-WOT— (<9 = <^) . 

Itam U=arv i <o^<Ovx cor->''5-^liS«: « 0 . 
tc. <9<5 0i:L3t:©^K«» <9<<^mi::3:-3TL4 

[0 0 33]^:*3, i«OJ:5^v;^^'«!9T— 

j:d(:^:*. CCrr d/r eli'ej:^^'. ttxv^:^^' 
«<0«H, 3i-y^y^^ (EJSSSrtOffiS], KISS 

#<^r?.Sr d/r eli'hS<'5rS. 
[0 0 341 @6t^^*l.S i^t-^ Wi-tif, rd/r 

0!IL-Cttx»/f-«cO7'->'"?-*fi<<'***iJirf^. '^^^^ 
<^^_y^__^jg^S:*«>7 2j£*'C«l*'$-e:-&t. ttx^. 

^LTt c«<»-o-)T-*^x-9-f=t^oir==^^^==^ 

[00351 fife-' "C. 06tct5V>T, iKLJivX^'C^-r 
Aii0>OO<D^iiiX\ 'TXiflZ'T^ii^tfiHmL. ttx 

iftjWSN-f, »x-y^«<!07"-^N*-ftJS*liv><.^<o 

09itf, rd/re = 0. 4<ni^^tC\i. ttX«yf-W<0 
;j._^>fl^j!g^^7 0Sfc:K«t^v%«^(c«, Tjx^' 

[00361 fc, fflStfOT— 9 0 
[00 371 iw-Cli. -fi^ktT. Pti:WHti^V=i 



[0038] ( a ) ife-f , x-yf->'^^;!fX<0)K3H'Xn^ 
<;5:5._y^-;ftjK?r$)Jffil-ri.:6tfelc-5V%-C@8 A- 8 E Sr 

#8at-ci»B8-ri). pt 5o±iciHk;i^y3>'KS>'&v% 

7 * b l^i/:!^. > 5 2 ^^<nn9—V\Zf^9—::^V1^'i' 
h (08A) . i>:tC±i:LT7on;^-jK:^5^<03y;:?.fc 

M-Jgtttcx.y^>'^<-r& (08 B) . i<Oi:*x-yf- 

x-/f-y^ff:^3S:S!ife'3-f«.C:4:'C, BHbi^Un^'* 
^j^-y-t-jg^j^Cx-yf-y^^-rs i t i^^T^ S . 
[0 0 391 ^K'Did'Sr-f^^t— J^'^^Wt-y-f-V^^ 
J. Vac. Sci. Technol.A 14. 1832 (199 

6)niEasn'CVkS. mcm:.^.^^. j^^j^^y^fy. 

F4<OSEi**2 0 s c cm, -'^-f TX^'**?— 1 O OW 
ilV^pX'yf-V^^^feftt-tJV^T, ffi:*jSr4 0mTor r 
A><b3 0 0mTor rfcSHbS-<*r&ifct*, J^l&$ix4 
Iffliv- U 3 >']K<!0-r-'^-:^l^8 0 ♦ 3tP^» 5 1 • fcSS 
^fc-r*. ffift*«40inTo r r, CHFBkCF 

4«?5i^gKS:*«2 0 s c c mfc V%-pXv^:^^^tCt5V^ 
•C-e<oa*Jt (CHF3 in CF4 (%) > *0%A»<p5 0 

6* *>^84* liZ-^h. 
[00401 CK^idlC. B!'n:i^U32^K<0«^rffiOX 

l«rr«)jjir«05-j*fi«5ox-;^>'^iSLK*««^Si i: i-fil 

S. . . 

[00411 tefts^U =i^fflKOTr— >''<— ft!fc&*9 

^-r-S OSC) . »:tc=*^S:x.yf-y^^i|jart<DBr 
^iOttStca^L. x-y^:<^^3&«fP5r<5ti (G38D) , 
^(r>m. 5 1 <0l^*<tf=S:i5irS (08 E) . 

[00421 '^X^cO'r—^^—n&t: 9 Offi*8tKJ^^ 
■r«>A:*i«!9fl!!OX-/^:^i5'^i: fCJi> U.S. Patent 
No. 5. 856 , 239(CS^$nTV^4. 

[00431 (b) '^^x-ybX.yf-t^iOv;?.^' 

n. J. Am>1. Phys.. Vol. 34 (1995). pp. 2132-2136 
tcrafl^$fL-c«r>&, flO*>. 09AK^J:5fc:, Ft 5 
0 SrX y ^ ^-^^-rSBKO-^X ^ LTOTBHt U 3 >'K 
5 1 ff>±(izm&<7)J-^^—>'<Oit(V 3^-^5 2 $:Jg^ 

3>'JK5 2ttHF;i<«IRrx-/f->'^$tl^:V%j5«, gHb 
j'>J3>ia5 ll4HF*iS«T^5*Wfc:Xi.f-i^*'$ 
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ffiSC 1 2«>&»'^l4^F2J?»A»-fk*«SF6«r 
if^fflV^T. d^U>'U3>'e2rx-y^>'^^-r&4:. fill 

^j^jJ'S l<?3Wi***4f=5r*>iiS (09 E) , 
[0 044 1 01 OA-1 3Dtt. Ht^H (l^-^X) T 

[00451 01 OA-1 oi{c^rr:tr&{4, v 
X^i:UX<0SHb=^U3>'K5 l<OKJ?i:. -^-mcjCt 

010 A, lOD, 10 GliZ^iX^tiPTitmiiZm'^hS- 
$T1. T2, TSfOEWkv-yavHS 1?&»«LT*J 

3 >Wk<nW-^ Htm 1 3ti^a«tt}T=5r d i: , 0 1 0 B , 1 
0 E . 1 0 Htc^-ti-e!h^«fcS'Sr-6 >''«-^IJK<0 

5 20B^*2'1f3 4:, 01 OC, lOF, 1 0 I fc:^ 

2. ^3 i>^2>^3) vy^x^im^ 

[00461 01 1 A-01 1 nc^i-:61Sti:. -^xi; 

11 A. llD. 1 1 G(^-5■t^-^^^^-r«^^l5l'3:S4i 
(if'fX) Wl. W2. W3<07*-Ai:W'i^xh-C«> 
«,;jrUs^y=i>'K5 2S:?e*LTfcS'. -tco^^ HFtcJ: 

fcjtjt^^ranfttfi^ra 01 1 b, he, 1 1 h 

X'^h. m.'^X. -eo^, d?'Ji''J3>-|R5 2c7)B5*5r 

fldfc-siic, iiF. HI fcisi-ratc-tti.'eix 

i-C. ^4>^5>^6) «0'7;<>^'3tiJ?g«T'§4. IP 

iyi^';3>'K5 2<^® (t^-fX) 3{»«/jNSi.^J5ifv 

[00471 01 2 A- 1 3DJ4K5>fx-yf-i:'5^x-y 

[0 04 81 0l2A-12Cfc5rr*St::tJVkT(4, 
ife-f, ;KyS^U3>'iK5 2S:Elf^Oi|l (If'fX) W4{c 
y'?^-^>'^^L (01 2A) . ^COI^, H^-<x-yf-(C 

hinft-WWO (01 2B) , -eoSJ, -^^x-y bx-<;f-S: 



ibi (01 20 . 

[ 0 0 4 9 1 0 1 3 A - 1 3 D {w5^-f^ri£ttJ V»-Ct4, 
^Vi^*)^yWkS2^±MM (l^-^X) W4i:« 
M^rSBf^i^S (1>--fX) W5fc:n:?-Ci>'^>'L (Hi 
3A) . ^<ry^. H7-fx-y^(cJ:01S-ft:s^y=i>-JS5 

i<^a5*{5{3raii:iwjbiBS§Th 1 i:t4M'ar&iit$T 

h2;t'ttH<10 (01 3B) , -eoa. n^x-ybX-y^S: 
ifcl, (01 3C) . 

[0 0 501 dcOiat, 01 2A, 13A"CfflV>;td^ 

!;5^i;3i^ffi5 2coj?Sttrai:.Th"c*4i:-r«.i:, 

[00511 JiiBcOitL^iOT— ■vx^'?g^:tra5r 

[00521 C:iT'ft«c«K:Si02CO-7X^'SrfflV>TJ5$ 
*«0. 5jLtm<?)PtKSr03OX.y^>'^^aS:ffiV^T 

X »y ^>'^-^-s«^s-a 1 8 S:#!!a trsiBH-r s . 

[00531 -5 1::. x-y^yi/oBltcfflv%S;{f 

x\i±bVX^mvh*). '^'xy^^:^'^MTxma^:EP^>^ 

U-CX-y^:^^^-r-S>3!)*. C:<Ot#> Si02£DX.y^Vi5'i$ 
5;txmi:'^"&. 

1 0 0 5 4 1 0 1 t^SfcltiV^T , r9X^56(«g53tfc« 

"3. ii'Cti'?^<?D«/hfii*«0. 4i:'r4. .rott, 0 
efciixlfSiOZ-^Jt^cOT— ftffi*»9 0 • cok . 
P t iJu y^yy-r^ ZkizXr»XP tK05^— ^'^-ft 

[00551 iOt». P tcr)ma(Omyli. SiOB"7X^'<D 
(BJ: 0 , tn-mx 1 , X 2eo-tiV'f'ixTt!»0 . 3 ju mjtfJt 
:^S<'5:&. iilfix 1 =x2 = 0. 5/Am-!-tan* 
= 0. an 5 7* «er>-C, v;^ 

^'cO^iO. ^umb-^hb, Pt»SrO. 5*tni^ 

m + xl + x2=l. IjumlC^rS. 
[00561 tZ^*K 1J3*OV%i^*»cO*^TS102<0 

TX y^^-^^-rS i: , X-y^i'^^COP t JKcOt^— 
ft®±7 0' "C-, PtK<?Dl£B<04Syi4, v;?.:J'<oi|@J: 
0, >tffl|-C»0. 2jum^*ft:^§<^rS. fi^-^T, Pt 
MOJlg®co^i|iy{4*!jO. 9*tm (y = 0. 5jLtin+ 
0. 2jLtm+0. 2jum) k'SrS. 
[00573 it'Di 5 K.'7X^0)^f'<—nSl^/h^ < 
•n^bXr^ xyf->'^^cD»«OPtK<^T— 
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[0 0 58 3 $e.tc, vx^{D-f->'N--:ftjg?r/h$<-r 

10 0 59 3 Ltiiji-oX. 7—^^-nmt/^:k^<^j:K>. 

14. v>^^'<07^>''«-^l*S:^0 ikTibi. 
[00603 icO"=?Xi?«OT— >''?-AjK<9 OJi, fiiS^r 

* (fcti.Jf6 0* ) *«^t^>i^^ti:•r^). wC0i:§H6 
(CiO, '?-<^^^t'Ord/re<7)fi (0. 37) im 

[00613 tan^= (re-rd)/( (rd-r 
eXc os^) Xs i n0) 

fcl. rd/defciS€U3tfi (:i<^>«^0. 37) ^ft 
XL. 4> = 0f:mi::-r0 {7 7* ) -Sr^tonjf J:v^. 
[00623 ( c ) iXfc:. OBSMi&SiS^: (flU^. -r 
wc-^jK3&*Jier9 o«<o) »ft:i'U3>'0'7;^^S:ffl 

(=-?V^-C014A-14F?:#!aLTiftH^|,, ^-f, 
X-yf->'j/«T'3b«.P t 5 0<7)Bta<?3X«7-f->-^»Od 

B) . jJBt^i-Jt^ c:co«®T'{iie-fl:s^i;3:^5 1 

<0-?X^'<Offl!lSfc:f''W«l5 5*H^LTV>* (014 

B) . d:iz'f4m(Of^ind (014C) . io-r*" 

tt, fex y•^:^^^^^^^>p--t-s-o^la^»5-o^^^f•- 
>''^-«ffil4 * 1 i: ^rS . xd^ift^l^^aK:. P 1 5 0 

co&<o:si'y^y^i:no (014D) . iOt^K-ft^- 
U 3>' 5 1 C0'7:X^BiX/P t 5 0<7>i!iSB 5 0 aCOfflUaC 
JiTJKBi 5 6 LT*J 0 , •?-<0t;KIS<±S*?O7'zI^ 

•cH9^><iJtP 1 5 000^5 0 b<oiiffit4P t **sm-r 

i a tT»^.tLJt, Pt 50Ofl»5 0be^T— 
-fk«.li4>2b^t (Cl^T. *1<*2) . ClOid 
{C. lIllB«r>X y^>'J?'*5itJf^<OiH*co-r*1ft^*{c 
ioT, 014CtC^J:3tC. BS'fti^U3>'5 IJtl/f 
Pt5 0tfDCi»5 0a*»^)f£S, ^^-ftft*** 1 



[00633 ^tJ, c:<0J:-55arX"/f->'j5^i:x:ir%|i^ 
^SS:$'c>lwglStcjSv>^JKi:-r«.Ci:*«-CS«.. x-y 

f - i^^fiit=t# i^ns ffliMt-f .-rciiii: < ttx 

•yf->'^^"CftSPt3&«»aitTV>4i:. it-^'?— Xy 
f-i^tc-r<'t:Pt*<x.yf->'^$it4fcv>9^ U .y 

i^fci-rr^lSSrx-y^:^^<UT*»/i, »x.y^>'^« 
-CftSPt^x^.f-y^^-^-Aifcti^:^. L3t3&«r>T, 
3j-w^-x*/f-i^ra*JS<"C*&i:v%d^U'y htfc 

[0064] iXrt-r jJ<%0|^*«t=ov>T|}lW 

[00653 -f dfl|*l<0^:^i: LTtt-^x -x 

« . p t cox -y^y^wmt m—co^smm < r— or 
X v^y^^tm^msc s <ox -y f - ojt y 

[ 0 0 6 7 ] -y hJ8SaoJSiI<0*^fc LTJ±, 

mifih *) . crntc J: 0 fflllfife:««f bfc«'(b«i£l**T'& 
[0 0 683 4^, i£J«fc:iSt-C, -T^i^ftlOl^XSiO 

[00693 mz^ws&m^mm'fu xiajsssat 

[00703 015 AtC^i|i^<*S?JgfgSt±, 

WN*-OT^I*7^>'^-f XS^^^Ch 0 . X -y^V 
:ri!as^9 0 1 . '^x/NftBISfflnjK y h9 0 3 , a— H 
o.y^^904. T:^d— Hnv^'^90 5. o— ^— 
9 0 6, Xh y^Jf-9 0 7SrW^i. :^b-y;i*— 907 
fc:l4;^-te ^ h 9 0 8j!>«{tt6^& , nrx^>Sr3l6aS9 0 1 
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0 8tcAti<5>*Ut '^'X/M 0 5S:0-r-9 0 STim 
^^:^E^fett^t-*-2»^— ^°'^^^9 0 4t=;aitf, n— H 
n-y^'S^ffit-S. o-Ha-y^'^9 0 4OEJ3?^jaS 
sfcJE^JtCJSffiL'Jt*^^*-- '^x^Njffi^n.i^'y h 9 0 3 
r'>xyM0 5S:iaffii^9 0 3i4»iTXy 
f-y^^-rs. ^<OC7>*>. r^x^M 0 5^'>xvNfi}Jliffln 

df.y V 9 0 3-C7'5j^fi^*«iaS9 0 2fc:ifiiJiu, wmiz 

y>J»i&fflOd?-y h 9 0 3-CX 'yi-yy^m^9 0 1' l,Z 
aSi^Ls mii<0«^»tX-yf->^^-rS. -?-<DCOt>. '!?X 

yM0 5*rd<1»*«yiS9 0 2' {::JftjSILT, flSietc 
ol^ArTsKS-HfeS-ri. 'tir**^.. '^^x^M 0 5 '^x 
VNlS)^fflnjl?-y h 9 0 3T'T>'0-HOv./^M9 0 5K 
aB^-rs. r^a— h*a'y^'^9 0 5«JDBE:^3t:»a»:*:Sl 
E4T±#$-<i:t<'>t». a— 9 0 6T*-feyh90 

100711 iiO-tafcl, 01 5Ali, '>X^^i^KSilS 

( 9 0 3 ) k , p['?x'N«^isatc«iK-r*i^<o«!a 
s ( 9 0 1 . 9 0 1' ) axvm^cotk^mm. ( 9 0 

2. 902' ) ^Oa-y^J'f-^W'?- (9 04, 
9 0 5) k, "/^^^i^^^— lwB5gcU:'i±SyRS5$l 
S ( 9 0 6 ) k ^{Sit. ^5HaBMSIg{i1?iB4Sa«a 

(908) bizim^n^^^imimmxtj'o. 

»5!ia«*l9l£^<'>J'^^'^»'^'^*<^**-*^"^x -y 

•cx .y f-:^^^ L , ^ 6 tzmsmtfymsmmcoK vrtvn" 

[00 723 01 SAtfO^S'CJi^cSW-fe'y h^rffl 
v>^A*, ai 5B<0J:dt:>tS?!r-fe-y h=&fflv>-Ct J: 
V^. rot>. 015 Btt, '>xysSgji|^M (903) kT 
^-^XMftBSJIigCg^-f 'S.m<^5!ffllSX-9 0 1 , 9 
0 1' ) k, 4®R<'5a«y^'^-vWx— ( 9 04, 9 0 
5) k, Ko-y^'f-S'W^— tcB^Ufc:«;SyiBi^a 
( 9 0 6 ) k ^fiii.. SfcA^aK^BJiKriai^OO -y 

yj^^tw^^MB^mizmmLfammm ( 9 

0 2) k'>x'^J**"5'^ (9 08) kCi^iSraiS'Sr^ 
;^3{,w-o-cx.y^y^L>i«0t>, mii^k9m^-C^9!!M 

[00731 $ SJBAJi, f'm^ffiaJi*?^^ 

[00741 > ±S<0W"t:*Ji. 2 m<r)X. -y f->'^j(!i 
SJrgOcOx.y^y/«^M9 0 1 k 9 O 1 • ?:fflV^T^f 
^ntiif, Pltsaa^9 0 l<?5;?»'^1gj&lH]5rfflV^Tt>J: 



aiK5&x.y^y^-rsi©^, wmmzm^^^ 

[0 07 51 <>:rC. ±ieO014A-14FlC^^ 
&(c) SrfflV^T, 5Sli^#:-?<*>J<^^^:>J--ei5T'fcS 
P t /P Z T/P t ^rk"oa«!S*ll®Wfc7^— >''?-:t^ 
fflV^TX-y ^V^^-rS^ffitCOV^TH 1 6 A 
-16Dl&#!lL-CiiWr*. 01 SMZ^ 

f P t/PZT/P tK6 1-6 3 t:—m^X.'y^yif 
■CJniX-r^k. «^}«SWt=Cl*i.4,<OJ16 1-6 3coraffitC 
*3V^T-f4?%KO*il«**Jllfi't, 016Dt=^J^k55r 
4. W^. ■v;2.^'6 40^k4§feit4«[x.y-f->-^r« 

k=5r2). 

[00761 -tCl-C. ta»K (PZT) 62<0Tfc{aa 

•rs3i«E (mjf p t ) )K6 1 iJ^-y^^^-ti-mm 

tc, x-yf-V^^«:»*'iBfL-C7'5W^«:fid (016 
B) . ^&k. PZT/PtBt6 2-6 3<0Tr— 
S«*3k^?.. -t^O^, St^xv^>^S:lT'5:-5k, 
016CtC^±5^:Jg1fe&*»'oix4. ^Oifr^co. P 
tBI6 IflDT— ^'?-^5Kii«4fc^r« (Ci-e, ^3< 
.^.4 ) . «S»*p5:<^{4, iffeiSK ( PZT) 6 2<J0±Tfc 
«4|SIttf®0^«£ mi-liP 11186 1 , 6 3) 

ik-C**. 01 6Dtc5rf7^— 

* 5 J: 0 7^ 4 (4:^$ < S . 
[00771 ZCOX o tc, 1 HlKOX-zf-i'^iiJ:!^-?- 

osatoT'sKHjisi^Sfci-jT, 01 ecfes^i-sfes 

«JMiffi (PZT) 6 2&t/^f*: (Mi-tfPt ) K6 3*» 
v>2,cikK:J:'3, W«Ki=fcvvc, ttX'y^>'^rff<05^ 

[00781 ±K<O01 4 A- 1 4 FtC^H-*ft 

( c ) , X«±Sa<!O0 1 6 A- 1 6 CtCSrf-*1£S:fflV> 
<5i:#^t:«?3>^U-7'>''?^Xk LT»!^$ixSMRA 
M (magnetic random access oeDory) (OWWfl^i:^9 

Wtr^ w<— tftco-r X ^ ^fflv^Tx -y -f- y^^-r 
-?V^-C01 7 A - 1 7 D ?:#BafCiJiB8^'S . 
[007 9 1 MRAMT14. 01 7 AtC*f J: d iSrme 
^S:^^.. t-^r*>fe, JbA»^>3*«;'l«t («i.tfCo) 
7 6. («i.«fAl 203) 7 5. 3fe«ttt« (« 

tiiC o ) 7 4 . RSSlSttW («?!litf F e M n ) 7 3. 
TiteW (fiSyi-tfCokS i ) 7 2. 7 IT'feS. ^riJ. 
7 0(4Mi.{flMk5^yn:^lR7 0'C*4. MRAMT 
14. itT,^coK7 1-7 eSrtAkoO'^X^'Srffll^TX 
•y ^y-^^-r-^ C k 3ifqg*$*fC . 
[0 0801 feki.»FeMnM7 30RIB 

^!|ij<^3&*<fl6<0*r3H<^«tlJt'^T:«Lv^kS. F 
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^t:'i>mtX'f^f^^ffo (01 7B) . -f&t, IS 
74-7 6<07'->'-<-:ft®<i*6i:^i:i.. -eof^. St/" 
X -y y^^Wm-^i^i^ FeMnK73i) tCifiV •» 
j^CX"/^>':?^'C'i'* (01 7C) . iiOt^cOFe 
M n K 7 3 <')T—^ AiKli *7J±06<07 & . 

mm^izx^x. mi 7ctc^a:afc:« 11173-76 

-7j;^^7 3-7 7^fflv>|,C:i:fcJ:*), MRAM^cr^ 
Jg«t=*JV>T, «X-yf->'^^«7 1, 7 2<07'-^'«-ft 

*6<*7<48> . 

1 0 0 8 1 1 ifirtJ. 54ae««i: t-C#i^,fL«.OJi:, 

ikLTFe. Co. Ni, MnhtK'^ti-t(Olt^^T 

iiS, 0+, 7 714-7X^T*S. 
[00821 J3Lt<O0!l«, ax-/^>':?'«<Dl5!fi5:«5J? 

[0083] axvf- 

— b r e tiOjtr d/r eT. X-y^i'^^CO-r— /^—ft 
je36<»i* 0 , r d / r e V>« JifttX -y ^>'^^«tfO 

[00841 znt.-CtiM^^ (03CO1 04) 

^iz^fS,^-^hiP^ '^^^^^^^'y'f-y^^^Miz 

jC^?5j<^)ifiSt4«< fiytiXT Lid. 
[00851 03l:i3V^Tm?^ 1 1 5cr)-f 

-i^yx^Ttf-c. f?mife-&r:^x:>-i 1 aizmtii'm 

^i'h^Ki-h^tX, M^^l 04coMC^JE5^ 

SJE^E£!fe<i^S^*s«^St=^^**'^^ f: tc J: r>T -^-co 
mS.ifiWrrh<^X. ^*»4»'>xyNfc:Altt- &5CJt£it 
fife^(^Mtt^^-^S. '^•<^»«. v::^^at/fttx-/^>' 

[0086] tit£L. «S^«<0St:^dfl|ls**f+«-r& 



g*«$>S. ^o-C, i«tS>«.v->(i«jKtfecir)'>x 
y7"i-l 1 8caDh.siess**&<'f-s^«ra) 

KcoXo(iZ-ti>. 

[0 0871 ^(Dt^. '^X^s^a^ (im^) 109 
OiaK«rx-yf->'j?'<0i:# J:0t«<-t4ii:-C. -^x 
-'nSJ*^ 1 0 9(=l4-f 3l«Bl«rft«S-*=SrV^J: -yizVX. 

'f^i:-rii'^< 104 co^ti«^$ -frs i a 

[0088] 
[E®<?3fS#5rSiBa3 

[011 {aia*<fili?5:'ex^'trfflV'>3txv-f->'^^«Sli 

[02] fll«*<Sii?5r"7X^«rfflv>/iX'yf->-^^«S«: 
giBB-f-&!ti6cOBfB0. 

[03 1 2|s:f6HBS:jSffl t^T-^Xvx-y^^'^^^a*^ 
[041 V>?.^<^Tr-^>C— iftie (9 5:9 0 ^StfcUyyft 
[05] •e;^^'<0-5^^'«— ftK^Sr9 0JK5&»^,»/?l=« 

<:oB)r90. 

[06] -7X^'co-T— ^l-Ki:4ftx-/^«<0T— 

[ 0 7 1 vx^ cot"-/-?— :ftlfe{i^K#fll5fe8}0^« t IS 
-SffflULhco^TW. -ex^cOT-wc— ^^flEfctftx-zf- 
[ 0 8 ] X .y ^ >'^^:)yxcO«^X -y ^ V-^^JE^I tC i 0 
0. 

[091 '^i -y bX"/^tCj:'5'7X^'C0T— ^IffiSr 
[01 01 n^x -y hx y J: •J-^xjJ'O^wc— ^iffi 
[0 1 1 1 i -y hx-y-f-tci 0 vx^'cdt— ''N— ftSE 

[012] H9-^X»/-f-fc'>*'y hX-yf-tCiOVXj? 
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[01 7] MRAMtCJJV^T, -f— A-^||fc&«|JJJ9 Ofilc^ 

[018] msimm.Kp'r:^i'i:m\^t^:c.'y^y^9m 

1 0 -^xi^ 

2 0 axv-^y^'w 

21 «x»/f-y^<«<7>±]B 

2 5 -rJK^Sl 

3 0 T'jJ^^OiBSR 
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[SaSB] 5^2^1 80 (20 03. 2. 1 

8) 

IffSKJiFe, Co, Hi, Ni, Pt, Ru, Ru02, Ta. Ir, IrO 
2, Os, Pd, Au, Ta205, PZT. BST, SBT. A1203, Hf02, 



( ^ ) m:i:-r&X-rv:rS:flii&C:fcS:4$©fc'rsx 
lIil*JB4] S«JiC®lfi§<x^ltlx./^>'^o|R 

9 oaa^Slfc^rS J: dKv;^^ t«»^*;^-r 

S:imSk-rsx«y^:^^<^. 
[fS*«5] ft:^«4f2«<0jix^^>'^^«<?MC«/f- 

[liS««61 l8:aJ^5iB»^Stx^^:^^^«<ox»/-^ 

>t.»<OX-y^:^ig^t£-^tir5X r- -y T Sr^S i k 
i:-rsx>yf-:^^^^r^. 

Htl^t^Fe, Co, Mn, Ni , 

Rt.- Ru._Ru02, Ta, Ir, Ir02, Os, Pd, Au. Ti, TiOx, 
SrRu03. (La. SrXIoOB. 

Cu(Ba, Sr)Tl(B. SRO : SrTICB. BTD : BaTiCB. SrTa20 



(ae) )03-257950 (P2003-25U58 



6. Sr2Ta207, 

ZnO, A12(B. 7rn2- Hf02, Ta2D5 

Pb(2r, Ti)03, PhfZr. Ti)Nb2D8. (Pb. U)(Zr. Ti)0 

3^ 

PbTiNbOx, SrBi2Ta209, SrBi2(Ta. Nb)209. 
Mijivny.^ BiSiO.. BiA-.La.TiflO,» 
InTiO 

3iFg-^&X>y-f-V^:fr^tCfeV>T. 

/i>>:^< 1 j» <r>i»xyN<7)glg^»T-r&3fc<iJJe^ 

'yr^jix&^ fc^wafc-rg.x.y^v^:^. 

Wt=, ^M{cB?riPx-y^>^^agoMtc-f4^L;^-ha 



[18^12] '»xMjiaasiiBfc. ^'>x>>>«sBjagg 

(^Do >y ^ ^ -V , l$a -y ^ (cB8g L;^ 

x-yf-:^^<:6^. 

h . !$□ >y vy<^tcPSfeLy:- ^«^aeg> »^iiS 

tejtag$t^B'rf ?^'y^waaf <^v^'jVt;&*-oTx y 
»ak-?-ix.yf->'^^:Sra, 

T, SBT, Co, Vki. Fe<r)\,YrtLi>^i>*^mai^tltii&ii^CO 

v>rx-y^>'^^^.-^^fcfei->-c , 



F^— 4M104 BB04 BB06 BB07 BB09 BB14 
BB17 BB36 ODM DKS DD71 
5F004 AA04 BA04 BB18 DBOS EA40 
EB02 

5F033 HH07 HHll HH13 mis HH21 
HH35 HH38 IN12 QQ19 QQ28 
QQ34 



